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INTRODUCTION 

I n  occas iona l  outcroppings and beneath the  su r face  of t he  high p l a t eaus  and 
j u s t  w e s t  o f  the  southern  Rocky Mountains are l a r g e  depos i t s  of sub-bituminous 
coals. These coa ls  were formed i n  t h e  e s t u a r i e s ,  swamps, and lagoons at t h e  edges 
of t h e  ex tens ive  ep icon t inen ta l  s ea  of  t h e  Late Cretaceous Period. Many mi l l i ons  
of tons  of t h i s  c o a l  l i e  s t r i p p a b l e d e p t h s  (overburden i s  l e s s  than 250 f e e t ) ,  bu t  
perhaps 90% of t h e  t o t a l  depos i t s  l i e  deeper.  
be  tapped i f  underground g a s i f i c a t i o n  proves f eas ib l e .  In t h i s  paper t h e  ques t ion  
of t h e  s u i t a b i l i t y  of Southwestern coa l s  f o r  underground g a s i f i c a t i o n  i s  examined. 

These deposits w i l l  probably only 

COAL RESERVES 

The coa l  f i e l d s  of t h e  United S t a t e s  are shown on the  map i n  Figure 1. Of the  
sub-bituminous bas ins  i n  t h e  Southwest t h e  l a r g e s t  and most ex tens ive  i s  t h e  San 
Juan Basin loca ted  i n  northwestern New Mexico. This study focuses a t t e n t i o n  s o l e l y  
on t h e  San Juan Basin. The San Juan Basin i s  somewhat a r b i t r a r i l y  subdivided i n t o  
19 sepa ra t e  coal f i e l d s  or coa l  a r e a s ,  Figure 2. The general  o r i e n t a t i o n  of t h e  
f i e l d s  i s  an  exposure of  coa l  seams on the  western edges a t  e l eva t ions  of  7,000 o r  
more f e e t  above sea l e v e l  d ipping  gen t ly  bu t  s t e a d i l y  t o  the  e a s t  a t  an  i n c l i n e  of  
2 t o  6 degrees. A t  t h e  e a s t e r n  ex t r emi t i e s  t h e  lowest Cretaceous beds l i e  some 
2,000 f e e t  below sea l e v e l .  

S t r a t i g r a p h i c a l l y  t h e  depos i t s  a r e  very  complex. The coa l  beds a r e  h ighly  
l e n t i c u l a r ,  a consequence of  t h e i r  formation from pea ts  a t  t h e  edges of Cretaceous 
swamps o r  e s tua r i e s .  The l enses  tend  t o  be  long  and narrow and r e f l e c t i n g  t h e  
i r r e g u l a r  shape of  Nesozoic cos t l i nes .  Lengths vary from 1 t o  30 miles and widths 
from 1 /2  t o  5 miles.  A t  t h e i r  t h i c k e s t  t h e  l enses  r a r e l y  exceed 1 2  f e e t ,  though 
i s o l a t e d  examples o f  seams as t h i c k  a s  22 f e e t  are known, and t h e  most common thick- 
n e s s  a r e  between 3 and 6 f e e t .  Lenses are s tacked  one above t h e  next so t h a t  
gene ra l ly  t h e  t h i n  po r t ion  of one o v e r l i e s  a th i cke r  sec t ion  of one beneath it. The 
depos i t  between seams is  a wide v a r i e t y  of c o a s t a l  sedimentary rocks ,  f o r  example 
sands tones ,  sha l e s ,  s i l t s t o n e s ,  and l imestones.  Seams themselves a r e  f requent ly  
i n f i l t r a t e d  with f i n e  l a y e r s  of  c l ays  or o the r  sedimentary depos i t s .  In t e r spe r sed  
between t h e  major l enses  a r e  numerous t h i n  seams of  coal.  Detailed s t r a t ig raphy  
varies d r a s t i c a l l y  from s i te  t o  s i t e  and i s  known w e l l  only f o r  a few loca t ions .  
The fundamental geologic s t r u c t u r e  i s  simple,  however, and the  bas in  i s  genera l ly  
f r e e  from f a u l t s  (1,2,3).  

The coa l s  of  t h e  San Juan Basin cons i s t en t ly  f a l l  i n t o  t h e  range of  sub- 
bituminous A or B i n  t h e  deepes t  beds t o  h igh-vola t i le  C or B bituminous nonaggls- 
mera t ing  coa ls  near  t he  su r face  (2).  In t h i s  r e spec t  and wi th  regard t o  the  low 
s u l f u r  content (genera l ly  less than 1% of which h a l f  i s  typ ica l ly  organic  s u l f u r )  
these c o a l s  are s u i t a b l e  f o r  g a s i f i c a t i o n .  

The Southwest i s  a semi-arid reg ion;  annual p rec ip i t a t ion  i n  t h e  coa l  bas in  
is 4-6 inches.  
Juan  River i t s e l f  which rises i n  southern  Cclorado and crosses  t h e  northwest t i p  of 
t h e  coa l  bas in  before  cont inuing  westward t o  t h e  Colorado River. I n  t h e  coa l  bear- 
i n g  areas only normally-dry a r royos  feed t h e  San Juan River. 

The only perennia l  stream i n  t h e  e n t i r e  San Juan Basin i s  t h e  San 

The ar idness  c a r r i e s  
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over  t o  the  c o a l s  which a t  s t r i p p a b l e  l e v e l s  have moisture conten ts  t h a t  average 
in t h e  12-15% range (3). 
t h e  f i r s t  aqu i f e r s  l i e  about 1200 f e e t  below ground sur face .  This water is of 
very  low q u a l i t y ,  bu t  it is usable  f o r  l i ves tock  watering. 
b u t  l a r g e l y  unconfirmed r e p o r t s  of sporadic  a r t e s i a n  a c t i v i t y  i n  the  basin.  How- 
ever, movement o f  ground water i n  t h e  v i c i n i t y  of nos t  of the  seams is r e s t r i c t e d  
t o  a few f e e t  pe r  year .  

There a r e  no important aqu i f e r s  a t  s t r i p  mining depths, 

There a r e  p e r s i s t e n t  

There is coa l  a t  vary ing  depths throughout t h e  bas in  a s  pointed ou t  above. 
The amount l y i n g  v i t h i n  250 f e e t  of t he  su r face  i s  estimated t o  be 5.97 b i l l i o n  
tons  (4). That l y i n g  between 250 f e e t  and 3000 f e e t  is estimated t o  be 122 b i l -  
lion tons  while t h e  amount s t i l l  deeper is expected t o  be approximately double 
t h a t  amount (3,5). It is evident  t h a t  i n  excess of  90% of the  San Juan coa l  lies 
i n  deep seams. 

The e n t i r e  bas in  lies i n  a region of  low population dens i ty  and possess minimal 
a g r i c u l t u r a l  value.  The l a t t e r  f ea tu re  can be i l l u s t r a t e d  by the  computation that  
the l ives tock  ca r ry ing  capac i ty  of t h e  western por t ions  of the  bas in  is about one 
a d u l t  sheep per  55 a c r e s  (3). 
more than seven people pe r  square  mile;  t h i s  f i g u r e  inc ludes  seve ra l  s i z a b l e  mnnci- 
c i p a l i t i e s ,  so t h e  popula t ion  dens i ty  of t h e  vas t  open a reas  of  t h e  bas in  is very 
low indeed. 

The population dens i ty  of t h e  region is  s l i g h t l y  

GASIFICATION PROPERTIES OF SAN JUAN COAL 

Severa l  p r o p e r t i e s  of N e w  Mexico's San Juan coa l  have been inves t iga t ed  and 
compared t o  Wyoming sub-bituminous coa l  i n  which successfu l  i n  s i t u  gas i f i ca t ion  
tests have r ecen t  been performed by the  Laramie Energy Research Center. 
t o  chemical a n a l y s i s ,  t h e  p rope r t i e s  compared a r e  permeabi l i ty ,  t he  ex ten t  of frac- 
t u r i n g  during py ro lys i s  and t h e  apparent d e v o l a t i l i z a t i o n  r a t e s .  

I n  addi t ion  

As a f i r s t  cons ide ra t ion  i n  comparing New Mexico's San Juan and Wyoming's 
Hanna sub-bituminous c o a l ,  t h e  chemical ana lys i s  and hea t ing  values of  deep seam 
c o a l s  from both l o c a t i o n s  a r e  very similar a s  shown i n  Table 1. San Juan coa l ,  
however, did e x h i b i t  a lower moisture content but t h i s  f ac to r  tends t o  vary widely 
depending upon sample handling. 

Coal permeabi l i ty  is an important parameter f o r  t h e  i n  s i t u  process. 
sub-bituminous c o a l s  t y p i c a l l y  d i sp l ay  moderate permeabili ty upon drying. 
a x i a l  permeabi l i ty  of New Mexico's sub-bituminous coa l  was experimentally and the 
r e s u l t i n g  values a r e  presented  i n  Table 11. The measured permeabi l i t i es  f o r  dry 
samples compare favorably  t o  va lues  repor ted  by Rozsa (6) for Wyoming Wyodak coal 
and t o  values published by Schr ider ,  et. a l . ,  (7 )  f o r  Hanna, Wyoming sub-bituminous 
coa l .  The n i t rogen  pe rmeab i l i t i e s  were i n  the  range of 1 t o  5 darc i e s  f o r  coa ls  
from a l l  t hese  sources .  This r a t h e r  high n a t u r a l  permeabili ty of sub-bituminous 
c o a l s  seems t o  r e s u l t  from cracks  and f i s s u r e s  exposed during dehydration of the  
coa ls .  

Western 
The 

Devo la t i l i za t ion  s t u d i e s  of San Juan coa l  have been performed r ecen t ly  and 
t h e  r e s u l t s  compared t o  Wyoming sub-bituminous coa ls .  Coal d e v o l a t i l i z a t i o n  r a t e s  
w e r e  determined by measuring the  weight and product gas composition h i s t o r y  of one 
inch  diameter coa l  p a r t i c l e s .  The s i n g l e  p a r t i c l e  r eac to r  and system a r e  shown i n  
F igure  3. The r e a c t o r  and its opera t ion  have been described elsewhere (8). Br ie f ly ,  
t h e  sample is placed i n  a baske t  suspended from a load cell  which is i n t e r f aced  t o  
a PDP-11 computer s i g n a l  f o r  da t a  s torage .  
des i r ed  temperature through a f l u i d  hea te r .  Thermocouples and pressure  transducers 
l oca t ed  a t  var ious  p o i n t s  a r e  a l s o  in t e r f aced  with the  computer so continuous temp- 
e r a t u r e  and p res su re  recorded is maintained. 
c o l l e c t e d  and then  analyzed e i t h e r  on a mass spectrometer o r  a gas chromatograph. 

Ca r r i e r  gas is introduced a t  t he  

Product gases were sampled and 
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From these  s t u d i e s  two f a c t o r s  r e l a t i n g  t o  coa l  r e a c t i v i t y  were observed. 
from examining s p e c i a l l y  prepared and cross-sectioned samples of pyrolyzed pa r t i -  
cles, an ex tens ive  network of f i s s u r e s  and cracks was observed. S imi la r  i n t e r n a l  
f i s s u r i n g  was a l s o  repor ted  by Campbell (9) f o r  Wyoming sub-bituminous coal .  He 
found i n t e r n a l  su r f ace  a r e a  increased  from 4 t o  200 m2/g during pyro lys i s  of t h e  
coa l .  The observed immense inc rease  in  i n t e r n a l  p a r t i c l e  su r face  a rea  accounts 
in p a r t  f o r  t he  high r e a c t i v i t y  of western sub-bituminous coals.  
genera l ly  exh ib i t  l a r g e  su r face  a rea  increases  upon devo la t i l i za t ion .  

F i r s t  

Shrinking coa ls  

The d e v o l a t i l i z a t i o n  r a t e  of San Juan coa l  has a l s o  been measured by using 
weight da t a  obtained from the  s i n g l e  p a r t i c l e  r eac to r  mentioned previously (10). 
Comparison da ta  but  f o r  smaller coa l  p a r t i c l e s  has a l s o  been taken using Wyoming 
coa ls .  
za t ion  r a t e s .  

Both San Juan and Wyoming sub-bituminous coa l s  exh ib i t  s imi l a r  d e v o l a t i l i -  

From these  pre l iminary  labora tory  comparisons of San Juan and Wyoming coa ls ,  i t  
appears t h a t  New Mexico's sub-bituminous coa l  behaves i n  a similar manner t o  t h e  
Wyoming coa l s  which have r ecen t ly  been success fu l ly  gas i f i ed  underground. 

OTHER FACTORS INFLUENCING IMPLEMENTATION OF 
UNDERGROUND GASIFICATION I N  THE SOUTHWEST 

I n  add i t ion  t o  ques t ions  about coa l  r e a c t i v i t y ,  seam s t r u c t u r e  and s t r a t i g r a -  
phy, and q u a n t i t i e s  of reserves, seve ra l  o the r  f ac to r s  a r e  important i n  determining 
the  l i ke l ihood  of t h e  a c t u a l  implementation of underground gas i f i ca t ion  i n  the  
Southwest. F i r s t ,  t h e r e  a r e  environmental cons idera t ions .  Su l fu r  content of t hese  
coa l s  i s  low and approximately ha l f  of i t  is organic  s u l f u r ,  s o  problems a r i s i n g  
from t h i s  element w i l l  be minimal. 
no t  be a problem because the  land has l i t t l e  a e s t h e t i c  value and cu r ren t ly  has no 
a g r i c u l t u r a l  va lue  except f o r  low dens i ty  support  of c a t t l e  or  sheep. The impact 
on ground w a t e r  i s  l e s s  c l e a r .  There a r e  aqu i f e r s  i n  the  region, but most of t hese  
a re-deep  and migration of water t o  them from g a s i f i c a t i o n  res idue  is unlikely.  
g a s i f i c a t i o n  i s  conducted below the  known aqu i fe r s  then mechanisms e x i s t  f o r  con- 
tamination of t h e  water.  
t h a t  must be addressed soon. 

Subsidence is very l i k e l y  t o  occur but  it should 

I f  

J u s t  how se r ious  t h i s  might be i s  an unanswered ques t ion  

Secondly, g a s i f i c a t i o n  of coa l  wi th  such a cons i s t en t ly  low moisture content 
Water plays a minimal r o l e  i n  the  i n i t i a l  d e v o l a t i l i -  

I n  t h e  Hanna tests the re  have always been 

has not been w e l l  s tud ied .  
za t ion  bu t  can be c r u c i a l  i n  determining t h e  na tu re  of the  product gas of the  
h igher  temperature g a s i f i c a t i o n  phase. 
r a t h e r  l a r g e  q u a n t i t i e s  of moisture i n  t h e  r eac t ion  zone which can lead t o  a 
reduct ive  r eac t ion  wi th  coa l .  This w i l l  genera l ly  not  be a p o s s i b i l i t y  i n  the  San 
Juan Basin. 

Next, t he  southern and western por t ions  of t h e  country a r e  those t h a t  a r e  

Southwestern coa l  i s  the  c l o s e s t  
growing most r ap id ly ,  and ranking high among these  a r e  the  a reas  around Phoenix 
and Tucson p lus  much of southern  Cal i forn ia .  
sources  of f o s s i l  energy a v a i l a b l e  f o r  t he  generation of e l e c t r i c a l  power demanded 
by these  centers .  Consequently, i t  i s  very l i k e l y  the  Southwestern coa l  w i l l  be 
consumed a t  ever  i nc reas ing  r a t e s  t o  meet an expanding reg iona l  demand f o r  elec- 
t r i c a l  power. 

In t h e  southwestern reg ion  a number of  l a r g e  power p l an t s  a r e  present ly  opera t -  
ing  on s t r i p  mined coa l .  A s  an example, t h e  Four Corners Complex f o r  e l e c t r i c a l  
genera t ion  is fed by the  Navajo mine which i s  the  l a r g e s t  coa l  mine i n  terms of 
production i n  the  United S t a t e s .  The cu r ren t  production r a t e  is approximately 7 
mi l l i on  tons per  year. A l l  of t h i s  coa l  i s  used t o  generate 2,100 megawatts of 
e l e c t r i c a l  power. The Four Corners Complex is  a j o i n t l y  owned en te rp r i se  i n  
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which 48% of t h e  power goes t o  Southern Ca l i fo rn ia  Edison, 15% t o  Arizona Publ ic  
Servicd Co., 13% t o  Pub l i c  Service Company o f  N e w  Mexico, 10% t o  S a l t  River Pro- 
ject and 7% each to  Tucson G a s  and E l e c t r i c  and E l  Paso Gas and E l e c t r i c .  Since 
t h e  d i s t r i b u t i o n  of power generated i n  the  San Juan Basin is  es t ab l i shed  and the  
demand is inc reas ing ,  t h i s  s e rves  a s  an incen t ive  f o r  t he  development of t h e  deep 
seam coa l  r e se rves  through underground g a s i f i c a t i o n .  

Last ly ,  t h e  p o t e n t i a l  market four  southwestern c o a l  is expanding not  only 
because more people i n  t h e  Southwest a r e  r equ i r ing  more e l e c t r i c a l  power, but  a l so  
because the n a t u r a l  gas  and o i l  suppl ied i n  t h e  region a r e  dwindling. Since an 
extensive p i p e l i n e  network runs from t h i s  region.  
generated by underground methods could r e a d i l y  be shipped t o  d i s t a n t  consumers. 
Recognition of t h i s  f a c t  has a l ready been a major i ncen t ive  f o r  proposed sufrace 
g a s i f i c a t i o n  f a c i l i t i e s  and could we l l  be a determining f ac to r  f o r  t h e  commerciali- 
z a t i o n  of underground g a s i f i c a t i o n  i n  t h e  Southwest. 

BTU gas and/or l i q u i d  f u e l s  

summary 

Laboratory s t u d i e s  of samples o f  San Juan (New Mexico) and Hanna (Wyoming) 
sub-bituminous coa l s  r e v e a l  s t r o n g  s i m i l a r i t i e s  i n  permeabi l i ty ,  d e v o l a t i l i z a t i o n  
r e a c t i v i t y ,  and f r a c t u r i n g  when subjected t o  simulated underground gas i f i ca t ion  
condi t ions.  
i n  a manner s i m i l a r  t o  Wyoming coal .  The seam and bed s t r u c t u r e s  a r e  v a s t l y  d i f -  
f e r e n t  i n  t h e  San Juan basin and t h e  l i m i t a t i o n s  imposed by t h i n ,  mult iple  seams 
t h a t  have low moisture content  a r e  n o t  c l e a r .  On t h e  o the r  hand, underground gasi- 
f i c a t i o n  i s  a v i a b l e  a l t e r n a t i v e  from t h e  po in t  of view of environmental and econo- 
mic considerat ions.  More d e t a i l e d  r e a c t i v i t y  s t u d i e s  of var ious coa l s  of t h e  basin 
and much more s t r a t i g r a p h i c  information followed by f i e l d  t e s t s  a r e  required before 
a d e f i n i t i v e  s ta tement  can be made about underground g a s i f i c a t i o n  i n  t h e  Southwest. 
What can be s a i d  now is t h a t  i nd ica t ions  a r e  mixed, bu t  tend t o  be pos i t i ve .  

The r e s u l t s  suggest  t h a t  San Juan bas in  coa l  can be expected t o  gasify 
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TABLE I 

Analys is  of San Juan and Wyoming Core Coals 

NM Core Wyoming Core 

Proximate Analysis 

% Moisture 3.22 
% Ash 4.06 
% Fixed Carbon 56.02 
% V o l a t i l e  Matter 39.92 

U l t i m a t e  Analys is  (Dry and ash-free bas i s )  

% Carbon 79.34 
% Hydrogen 5.34 
% Oxygen 12.60 
% Nitrogen 1.72 
X Sul fu r  0.45 

C a l o r i f i c  Value (Moisture f r e e ) ,  Btu lb-' 

13,801 

TABLE I1 

Permeabi l i ty  of San Juan Core Coal 

Gas Bo, darcys  

a i r  3.45 

3.66 

Ne 11.09 
N2 

7.82 
8.21 

49.57 
42.22 

73.68 
5.69 

18.22 
1.82 
0.60 

11,641 
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Figure 1 
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Figure 2 
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SCHEUATIC DIAGRAM OF COAL PARTICLE GASIFICATION REACTOR AND SUPPORTING EQUIPMENT. 

Figure 3 
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